Abstract: An efficient approach allowing to include linear bi-isotropic chiral materials in time-domain transmission line matrix (TLM) calculations by employing recursive evaluation of the convolution of the electric and magnetic fields and susceptibility functions is presented. The new technique consists to add both voltage and current sources in supplementary stubs of the symmetrical condensed node (SCN) of the TLM method. In this article, the details and the complete description of this approach are given. A comparison of the obtained numerical results with those of the literature reflects its validity and efficiency.
Introduction
The study of the interaction between electromagnetic (EM) waves and chiral media attracts the attention of a constantly growing scientific community. Both the bianisotrpic and dispersive characteristics of chiral media makes very delicate the analytical study of the behaviour of EM waves in them. Using three different approaches, the TLM method with the symmetrical condensed node (SCN) has been extended to describe the timedomain propagation of EM waves in the dispersive media. The first approach describes the behaviour of the medium by equivalent node sources [1] . The second one is based on the Z-transform technique [2] - [3] while the third one models the dispersive media by adding voltage or current sources in supplementary stubs of the hybrid SCN [4]- [5] or the standard SCN [6] . In this paper the third approach with the standard SCN is extended to chiral media. The dispersive properties of such media are accounted for using a new technique based on the SCN and both voltage and current sources.
Formulation
Generally, bianisotropic media are described by the following constitutive equations: 
where el χ , ma χ , r ξ and r ζ are respectively the electric susceptibility, the magnetic susceptibility and the magneto-electric tensors [7] . In the particular case of a uniaxial medium, the constitutive parameters are given by uniaxial scalar expressions, which can be written in the time domain as follows [3] :
and
Where Re is the real operation, χ el0 is the static electric susceptibility, ω 0 is the resonance frequency, δ is the damping frequency, β = (ω 0 2 -δ 2 )
1/2 , χ ma∞ is the optical magnetic susceptibility and τ is the chilarity time constant.
The EM wave components propagating in the z-direction in a chiral bi-isotropic medium are obtained directly from Maxwell's equations and the constitutive relations. Using a convolution constant discretization, we obtain at time (n+1)∆t the components located in the xoy plane: 
, ∆ζ r m = ζ r m -ζ r m+1 and
Phenomenologically, similar components can be obtained from the TLM formalism. To this end, we apply to the SCN, to which we add voltage sources (V svq ) and current sources (V siq ), charge and magnetic flux conservation principles, we use the equations relating incident and reflected pulses for the EM field components . (6) The formal equivalence between equations (5) and (6) provides the necessary parameters and relations for the novel proposed TLM approach, namely, the coupling coefficient
the admittance and the impedance of chiral media 
and the voltage and current sources 
The incorporation of these three equations in the TLM method allows to model directly the interaction between EM waves and uniaxial chiral media.
Numerical results
To test the proposed model, we have studied the polarization rotation of the incident field in reflection and transmission from a bi-isotropic chiral layer free space and from a bi-isotropic layer with a perfect electric conductor back sheet. For the two examples, the incident field is a normally (Gaussian shaped pulse) plane wave, travelling toward the chiral layer with an electric field component:
Where g 0 is the spread parameter for a Gaussian pulse, t max = (ln100) ½ /g 0 and A 0 =1 (V/m). The TLM problem space considered had 220 ∆l in z direction, where ∆l is the mesh width taken to be ∆l = 1 mm. The bi-isotropic chiral layer's thickness is 200 mm occupying cells from 10 to 210. Figure 1 and figure 2 depict respectively the reflection and transmission coefficients of the right and the left hand circularly polarisations (RCP and LCP). Figure 3 shows the co-polarized reflection coefficient of the same layer bounded by a metallic sheet [3] . In both cases, the medium's properties are χ el0 = χ ma0 = 0.5, the resonance frequency ω 0 = 2πE9 rad/s, the chilarity time constant τ = 0.5ω 0 -1 and the damping frequency δ = 0.1ω 0 . The background relative permittivity and permeability were selected ε r = µ r = 2. In the three figures, good agreement can be seen between the TLM results and those of the analytical solution. 
Conclusion
A novel and robust technique based on the TLM method with both voltage and current sources is proposed for the modeling of linear bi-isotropic chiral media. To illustrate and validate this model, the reflection and transmission of a Gaussian plane wave normally incident on a chiral and metal backed chiral layer have been investigated and excellent agreement between the obtained numerical results and those of the literature is achieved.
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